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walked three times for 30 minutes per week outside their home.
Participants were randomly assigned to (i) CuPiD, or (ii) control,
who received personalized advice from a physiotherapist and
trained without cues. Interestingly, the CuPiD group trained
signiﬁcantly less than the control group, but made nevertheless
signiﬁcantly more progress on balance. Both groups improved on
single and dual task gait speed. These results point to the difﬁculty
of delivering cueing in a clinically meaningful fashion and that
more study is needed to understand this complex intervention.
Disclosure of interest The author has not supplied her declaration
of conﬂict of interest.
http://dx.doi.org/10.1016/j.rehab.2015.07.173
CO36-002-e
Using music to improve mobility in
Parkinson’s disease: Effects beyond
gait?
S. Dalla Bella (Prof)
Movement to Health Laboratory, EuroMov, universite´ de Montpellier,
Montpellier, France
E-mail address: simone.dallaella@univontp1.fr
Auditory stimulation via rhythmical cues, such as in music, can be
used successfully in the rehabilitation of motor functions in
patients with movement disorders. A prototypical example is
provided by dysfunctional gait in patients with idiopathic
Parkinson’s disease (PD). Coupling steps to external rhythmic
cues (the beat of music or the sounds of a metronome) can lead to
long-term motor improvements, such as increased walking speed
and greater stride length. These effects are likely to involve brain
areas, which are typically functional in PD (e.g., cerebellar-
thalamocortical networks). Because these areas are involved in
perceiving and producing rhythm, parallel improvement in
rhythmic tasks beyond gait is expected. I will provide an example
of recent studies in which we show the beneﬁcial effects of
musically cued gait training (MCGT) on gait performance but also
in behavioral tasks involving rhythmperception and production. In
this study 15 IPD patients were submitted to a four-week MCGT
program, in which they walked tomusic, 30 minutes, three times a
week. Another example concerns the use of new technologies to
implement music and rhythmic stimulation in everyday life and to
adapt the training to the patient’s needs.
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Objectives Falls remain a major concern in Parkinson disease
(PD). However, no precocious marker of fall risk has been
highlighted. Recently, complex temporal organization of stride
duration variability has been demonstrated, displaying long-range
autocorrelations (LRA). The breakdown of such temporal dynamics
is thought to be associated to dynamic instability in locomotion.
However, no studies have included the analysis of stride duration
variability in the functional assessment of patients presenting a
neurological disease, such as PD.
Materials and methods Temporal organization (LRA) and magni-
tude (CV and SD) of stride duration variability, collected from 20
parkinsonian patients walking on overground at a comfortable
speed, were studied. The presence of LRA was based on scaling
properties of the series variability (Hurst exponent) and the shape
of the power spectral density (a exponent). Functional status,
objective and subjective measures of balance were collected using
MDS-UPDRS (and PIGD), modiﬁed H&Y scale, BESTest and ABC
Scale, respectively. In order to precise the relationship between
stride duration variability and the dynamic stability, a principal
component analysis was applied.
Results LRA were highlighted in all patients and excellent
correlations were observed between LRA (factor loading:
Hurst = 0,907; a = 0,931), H&Y scale (0,914), BESTest score
(0,867) and PIGD (0,741), while no signiﬁcant correlations were
observed with age and gait speed. CV and SD stride duration were
inversely correlated with ABC Scale.
Discussion Supporting ﬁrmly the relationship with dynamic
stability, strong correlations between LRA, disease severity and
balance status were demonstrated for the ﬁrst time in PD. Taken
together with clinical tests, magnitude and organization of
variability allow a more comprehensive description of speciﬁc
deﬁcits increasing fall risk than either method could provide
alone. While magnitude of variability could be a marker of the
degree of automaticity of gait, LRA could be considered as the
reﬂection of dynamic stability. The quantiﬁcation of stride
duration variability can thus constitute an easy and effective
tool to objectively and quantitatively provide a clinicalmeasure of
fall risk in PD.
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Objectives Freezing of gait (FOG) in Parkinson’s disease (PD) is
challenging to measure. Repetitive stepping in place (SIP) task on
force plates has been proposed by Nantel et al. in 2011 for
identifying freezing episodes (FEs) in PD patients. These authors
have correlated this task with the validated FOG questionnaire
(FOG-Q). The inability to maintain a walking rhythm could be
alleviated by external cues involving a sensorimotor network
underlying the processing of rhythm (Dalla Bella et al., 2014)
Material and methods Twenty-four PD patients have been
included: 8 without freezing, 8 with severe freezing and 8 mild
‘‘freezers’’. PD subjects were assessed using the MDS-UPDRS,
MoCA, FAST, MiniBest test, questionnaires, and were submitted to
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the BAASTA battery, which consists of a series of perceptual timing
and sensory timing tasks. Single wireless inertial sensors were
placed on the patient’s lower limbs. A computerized algorithm
providing automatic detection of FEs during SIP, Timed Up and Go
test and 20 m walk has been used.
Results Preliminary results show that there is some discrepancy
between patients self-assessment, SIP and walking task measure-
ments. The occurrence of freezing episodes is highly variable in
mild freezers and depends on the emotional context and the
repetition of the tasks. This could be explained by the fact that the
timing of our assessment has been performed in less severe off
state than in Nantel’s study(12 hours off Dopa) and which is closer
to the patients’ daily life.
Discussion/conclusion SIP is of limited interest in the assessment
of freezing in patients with partial ‘‘on state’’. Analysis of
correlations with neurological status, kinematics, perceptual and
motor timing tasks will aid in clarifying the interest of this new
task in the assessment of freezing in PD patients.
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Background Impairments of timing abilities are characteristic of
different neurological and psychiatric disorders such as Parkin-
son’s disease, attention deﬁcit hyperactivity disorder (ADHD) or
schizophrenia. They can also occur in healthy individuals suffering
from beat deaf deafness. These deﬁcits are expressed in the form of
impoverished timed performance and/or poor time perception.
The characterization of the timing skills of these impaired
populations is valuable for the understanding of the disorders
and can pave the way to targeted rehabilitation perspectives. To
date, no exhaustive tools are available for the systematic
assessment of timing skills.
Objective We aim to introduce the Battery for the Assessment of
Auditory Sensorimotor and Timing Abilities (BAASTA), a new tool
for the sytematic assessment of rhythm perception and auditory-
motor synchronization skills. Preliminary results in Parkinson’s
disease, ADHD as well as in the general population are presented.
Material and method The battery includes a large array of
perceptual and sensorimotor tasks. Perceptual tasks include the
comparision of two durations, the discrimination between regular
and irregular metronome or musical sequences and judging if a
tone is aligned with the beat of music. Sensorimotor tasks include
unpaced tapping and paced tapping with metronome and music.
Results The BAASTA highlighted improvements in timing abili-
ties after amusically cued gait training in patients with Parkinson’s
disease. The battery also described the timing impairments in
ADHD. Furthermore, the BAASTA helped to characterize individual
differences in the general population (e.g. musicians vs. non-
musicians).
Discussion BAASTA is sensitive for the characterization
of individual differences within a population in terms of
sensorimotor and perceptual timing skills. Given the existing
links between timing skills, motor control and cognition, its use
could help develop an individualized approach to rehabilitation of
motor abilities and cognition in a variety of disorders.
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Music is a multifaceted psychological phenomenon and we
experience music’s propensity to trigger memories, movements,
and emotions. Input through auditory system is a temporal
processing ‘‘expert’’ in the brain, and allows relationships between
communication, cognition and sensorimotor processes. Inverse
models hold an important role in sound perception as well, as they
allow to predict and simulate the physical aspects of motion and
space implied in the music. Forward internal models represent an
information ﬂow from action to perception, in the sense that they
allow the prediction of the likely sensory outcome of a planned or
executed action [1]. Furthermore, sound involvement in action,
cognitive studies showed that musicians present augmented
ability in different forms of visual attention [2] and various
cognitive processes. So music and sound stimuli supplies an
excellent framework to study the effects of uni- versusmultimodal
approaches. Humans are extremely good at detecting anomalies in
sensory input. Several studies have shown that motor dysfunction
leads to considerable changes in individuals’ perception and
recognition of auditory and musical features. In a restorative
approach, many studies have suggested that structural and
functional cerebral neuroplastic processes result from musical
training. Auditory experience, through modulation and ampliﬁca-
tion of associated stimuli, and software-based training affect
affects functional abilities.
We investigated how contextual and non-contextual auditory
stimuli inﬂuence the performance of brain-injured patients in a
navigational task (VAPS virtual supermarket). Patients’ responses
to auditory stimuli are heterogeneous, which is consistent with
the complexity of processes involved in navigation. Results
suggest that additional stimuli may be helpful in the neuroreh-
abilitation of brain-damaged patients with executive disorders.
Patientswith localizationdeﬁcit or auditory neglect still beneﬁted
from auditory contextual cues. A greater knowledge of these
processes may allow selecting patients for whom rehabilitation
with auditory stimuli would be helpful and deﬁning appropriate
training.
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